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Extended Abstract

Digital image correlation (DIC) relies on the visible surface features of a specimen to measure deformation. When
the specimen itself has little to no visible features, a pattern is applied to the surface which deforms with the
specimen and acts as artificial surface features. Since recent pattern application methods, e.g., micro-stamping [1]
and lithography [2] allow for the application of highly customized patterns and because the accuracy and precision
of DIC is dependent upon the applied pattern [3-6], an ideal pattern is sought for which the error introduced into
DIC measurements is minimal. It is the goal of the present work to develop and refine an optimization technique to
produce this type of DIC pattern.

The DIC literature has many examples of pattern quality metrics that aim to quantify the suitability of a pattern for
DIC [e.g., 4-14]; however, most of these metrics have been developed with the intent of comparing pseudo-random
patterns to each other. For that purpose, the quality metrics are well suited but typically do not generalize well to
near-optimial patterns [15]. An example of this is the quality metric sum of square of subset intensity gradient [6-9],
denoted SSSIG, which achieves a best value for a regular checkerboard pattern. Checkerboard patterns are ill-suited
for DIC because they pose non-uniqueness problems. By using multiple pattern quality metrics simultaneously,
Bomarito et al. [15] showed that these deficiencies can be avoided. They constructed an optimization method which
centered around a quality metric ) which is a combination of two metrics:

Q =w1§+w2(/12)n (1)

where S is derived from SSSIG and A is the secondary auto-correlation peak height similar to the metric developed
by Stoilov et al. [12]. In the minimization of @, the S term is intended to be the primary contributor and the Ay
term is meant to act as a constraint that ensures the pattern retains some local uniqueness (i.e., that it avoids regular
checkerboard-type patterns). wj, we and n are tuning variables that adjust the shape and relative intensity of the
constraint.

In order to choose optimal values of wy, ws, and n, a study is performed which searches for the ideal balance of the
two terms in Equation 1. In the study, several patterns are generated ranging from near-checkerboard to completely
random which are then subjected to a numerical experiment. The experiment consists of the following steps:

1. The pattern is magnified to a desired resolution of 5 pixels per speckle [16, 17].

2. The contrast of the image is reduced, simulating imperfect lighting conditions: i.e., the grayscale values are
changed from 0.0 and 1.0 to 0.25 and 0.75.

3. Several numerical deformations are applied to the image.



4. A Gaussian blur is applied to the patterns to simulate more realistic transitions from dark to light pixels.

5. Zero-mean Gaussian noise with standard deviation of 2% is added to the image to simulate random error in
the imaging process.

6. DIC is performed on each image and compared to the applied deformations Step 3.

The result of the experiment is a distribution of DIC measurement errors for each of the input patterns.

For patterns that are closer to a checkerboard, small regions of spurious results are observed under some deformations.
This is caused by the confusion of very similar subsets, and indicates that the results of the pattern may not be fully
trusted when the true deformation is not known a priori. However, the general trend was that the more checkerboard-
like patterns had higher accuracy and precision in areas where the spurious results did not present themselves. Using
these results, an appropriate ratio could be identified between the two terms in Equation 1, which accompanied
minimal error introduction while avoiding spurious results. The values of wy, we, and n are then calibrated.

Using the updated values of wy, wa, and n, the pattern optimization space is then explored using multiple initial
points. Through this exploration, confidence is increased that a pattern more nearly the global minimum is found.
Using the same numerical experiment outlined above, the optimized pattern is shown to have DIC measurement
errors consistent with the best regions of the near-checkerboard patterns but without any incidents of spurious
results. The pattern performs approximately 25% better than a random pattern.
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